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INTRODUCTION
h e quality of ground penetrating radar data can suﬀ er 
from many diﬀ erent sources of noise. Some of these sources 
are varying distances of the antennas to the ground due to 
rough surfaces, diﬀ erent surface conditions (e.g. compres-
sion due to tractor tracks), external electromagnetic ﬁ elds 
and instrumental noise and instabilities (Seren, 2007). 
Analyses of recorded raw data and knowledge of the source 
of noise lead to specialised processing methods to improve 
the signal-to-noise ratio and to enhance the archaeological 
structures in depth-slice visualisations. h ese methods are 
applied to three GPR survey data-sets of Roman villas in 
Austria, showing clear archaeological structures but suﬀ ering 
from very bad surface conditions.
ROMAN VILLA HALBTURN
h e Roman villa of Halbturn (Daim, 2001) was pros-
pected in September 2000 using a Sensor and Software 
PulseEKKO 1000 system with 900 MHz antennas. An area 
of 100 x 100 m was surveyed with a spatial resolution of 0.5 
x 0.05 m (804201 traces). h e data are very noisy because 
of instrument noise and instabilities of the old PulseEKKO 
1000 system, and because of the rough surface due to plou-
ghing.
Standard pre-processing methods (removal of DC-shift 
and depth-depending ampliﬁ cation (AGC)) lead to very 
noisy visualization (Fig. 1a, 2a). Detection and removal of 
erroneous traces and application of well known pre-proces-
sing methods like high-pass-ﬁ ltering (removing frequencies 
below 450 MHz) (Fig. 1b, 2b) and background removal 
(Fig. 1c, 2c) or both (Fig. 1d, 2d) lead to much better results. 
Visualising only frequencies between 900 MHz and 1800 
MHz (Fig. 1e, 2e) enhances the visibility of the archaeologi-
cal structures compared to the method in Fig. 1d. Applying 
a background removal ﬁ lter algorithm where the length for 
computing the average trace is limited to 1 m removes a lot 
of striping patterns in the direction of the GPR proﬁ le by 
widening the archaeological structures a bit and leading to 
the best visualization for subsequent archaeological inter-
pretation (Fig. 1f, 2f ).
Figure 2 show the eﬀ ects of the diﬀ erent methods des-
cribed above for a part of the radargram. Fig. 2a shows the 
raw data. In ﬁ g. 2b “horizontal” patterns are still visible 
after high-pass ﬁ ltering and in ﬁ g 2c “vertical” patterns are 
still visible after the application of a background removal 
ﬁ lter. In Fig 2d these patterns disappear after applying both 
high-pass ﬁ ltering and background removal. A band-pass 
ﬁ lter (900 MHz – 1800 MHz) together with a background 
removal ﬁ lter enhance the “archaeological” structure a little 
(Fig. 2e). h e removal of an average trace of 1 m length 
(Fig. 2f ) suppresses more horizontal patterns than the bac-
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kground ﬁ lter, but it also changes the hyperbolas of the 
archaeological structures.
ROMAN VILLA ZILLINGTAL
h e Roman villa of Zillingtal was prospected in April 
2006 and February 2008 covering an area of 14.175 m2 with 
a Sensor and Software Noggin System and a PulseEKKO 
Pro, both with 500 MHz antennas. h e survey grid was 
50 x 2.5 cm. Both systems produce very small instrument 
noise, but the data suﬀ er from tractor traces (in the middle 
area of Fig 3a) and ploughing areas (in the very south and 
east of Fig. 3a). Visualizing the data using high-pass ﬁ ltering 
(frequencies above 250 MHz) and background removal ﬁ lter 
(Fig. 3b) leads to much better results, but again a band-pass 
ﬁ lter (500 MHz-1000 MHz) enhances the signal to noise 
ratio (Fig. 3c) and a removal of the average trace of a 1 m 
window widens the archaeological structures, but remove 
the line patterns produced by tractor wheels.
Figure 1a-f: above part of the GPR 
prospection of the Roman villa of 
Halbturn (depth slice 0.60-0.70 m) 
and Fig. 2a-f below. visualisation of 
a part of corresponding radargram 
(length: 14 m; time: 30 ns); a) without 
special pre-processing; b-f ): removing 
erroneous traces; b) removing frequen-
cies below 450 MHz; c) background 
removal ﬁ lter; d) removing frequen-
cies below 450 MHz and background 
removal ﬁ lter; e) band pass ﬁ lter (900 
MHz-1800 MHz) and background 
removal ﬁ lter; f ) band pass ﬁ lter (900 
MHz-1800 MHz) and removal of 
average trace of 1m length.
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ROMAN VILLA ANTAU
The Roman villa of Antau was prospected in April 
2006 using a Noggin system and in February 2008 using 
a PulseEKKO Pro system, both with 250 MHz antennas. 
An area of 11.500 m2 was prospected with a spatial grid of 
0.5 x 0.05 m. h ese data also suﬀ er from irregular surface 
conditions. Again a band-pass-ﬁ lter (500 MHz-1000 MHz) 
together with a background removal ﬁ lter produces much 
better visualizations of the archaeological structure compa-
red to unﬁ ltered data. h ese data show that the enhance-
ment can vary within the depth and depends also on the 
instrument. While very good enhancements can be seen in 
all depths for the Noggin system, the PulseEKKO Pro sys-
tem has few enhancements in the depth of 0.80-0.90 m, 
little enhancements in the depth above (0.50-0.60 m) and 
very good enhancement in the depth below (1.10-1.20 m 
and 1.40-1.50 m).
CONCLUSION
Depending on the GPR system, the antenna frequency and 
the surface conditions of the site, suitable band ﬁ ltering and 
average trace removal ﬁ lters with adapted length can not only 
improve the signal-to-noise ratio, but also enhance the visuali-
sation of depth slices and can even make visible archaeological 
structures which are invisible without this special processing. 
h ree diﬀ erent sites of Roman villas in Austria were prospec-
ted with diﬀ erent GPR systems and antenna frequencies and 
require suitable processing to get the best results.
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Figure 2: Part of the pros-
pection of the Roman villa 
Zillingtal, depth slice 1,00-
1,10 m. a) without special 
pre-processing; b) ) removing 
frequencies below 225 MHz 
and background removal 
ﬁ lter; c) band-pass ﬁ ltering 
(500-1000 MHz) and bac-
kground removal filter; d) 
band-pass ﬁ ltering (500-1000 
MHz) and removal of average 
trace of 1m length.
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Figure 3: Part of the prospection of the Roman villa Zillingtal, depth slice 1.00-1.10 m. a) without special pre-processing; 
b) removing frequencies below 225 MHz and background removal ﬁ lter; c) band-pass ﬁ ltering (500-1000 MHz) and 
background removal ﬁ lter; d) band-pass ﬁ ltering (500-1000 MHz) and removal of average trace of 1 m length.
